INTRODUCTION
High frequency instability combustion is an important issue in the development of the rocket engine, which may cause serious consequence of the combustion chamber explosion. Because of its complex mechanism, there is no good prediction model. To verify the stability of the engine, the main method will be through the experiment (Ahna K. et al., 2010) . The high temperature, high pressure environment, high cost and long testing period of the full size engine test will bring difficulty to the full size engine experiment. Sub-scale combustion chambers have great application value because of their small flow rate and low chamber pressure ( ). The effect of the structure on the combustion characteristics for liquid-liquid bi-swirl coaxial injectors is studied by using cylindrical engines with one injector (Wang F. et al., 2012 & Wierman, M.L. et al., 2013 . In this paper, a combustion test bed is developed to simulate the combustion stability of the rocket engine. The structure parameters of the test engine are designed in detail.
TEST BED
The combustion test bed includes a thrust wall, a combustion chamber, a guide and a muffler cooling system, as shown in Figure 1 . Oxygen is supplied through the existing oxygen pipe and kerosene is supplied through the extruding tank. The pressure sensor is laid between the combustion chamber and the thrust wall, which is used to measure the thrust of the combustion chamber. High frequency pressure sensor is arranged on the wall of the combustion chamber. The combustion chamber can move along the guide rail in the horizontal direction. The gas from the nozzle can be discharged to atmosphere after silencing and cooling, which reduce the impact on the environment. The test engine is the key of the test bed, so this paper
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COMBUSTION CHAMBER
The test facility is operated with gas oxygen and kerosene. Thus, combustion processes is similar to those in the main chamber of actual rocket engine. The total mass flow rate is 0.55kg/s and the mixture ratio is 2.7. Nominal combustion chamber pressure is 3200000Pa, and its longest working time is 20 seconds. The test bed is used to evaluate the influence of the chamber pressure, the geometrical parameter and the type of injectors on the tangential instability of the combustion chamber. According to the total mass flow rate, the chamber diameter is0.05m, which will cause two very bad results: 1) the tangential frequency of the chamber is very high up to ten thousand or even tens of thousands of Hertz, which is difficult to excite; 2)because of the limit of the length of the propellant burning, the length of the combustion chamber cannot be a few centimeters, resulting in the first order longitudinal acoustic frequency of the chamber is less than the first order tangential acoustic frequency. This will lead to the first order longitudinal frequency being first excited. In order to solve above problems, this paper presents a scheme of a cylinder combustion chamber. All the injectors are distributed in the most outer ring in the injection panel, which is beneficial to the excitation of the tangential instability, but the flow is generally 10-20% of the full size combustion chamber. The cylinder engine provides a test method for using small mass flow rate to simulate the tangential instability of full size chamber. The combustion chamber includes an injector head, a chamber section and a nozzle, as shown in Figure 2 .The combustor is made of stainless steel. The ports for sensors such as static pressure sensors, temperature sensors and high sampling pressure sensors are arranged in the chamber wall. The chamber section and the nozzle are cooled by the circulating water. The half angle of the nozzle entrance is 30 degree, which is conducive to excite the tangential mode, but not the longitudinal mode. A torch igniter operated with oxygen and hydrogen is adopted to provide ignition energy. The igniter is started by the electrical sparks from a spark plug. The torch is located in the center of the injection panel. 
Calculation of combustion chamber size
Experience has shown that the relationship between the mass flow density and the chamber pressure is: qmdr=(10-20) pc (1) It is an empirical formula, where qmdr=mass flow density, pc= chamber pressure. The cross-sectional area of the combustion chamber is Ac=q/qmdr (2) where q=mass flow rate. According to the flow rate of 0.55kg/s, 5.5kg/s is used to determine the diameter of the cylinder, the chamber pressure is 3200000 Pa, the diameter of the combustion chamber is 0.119m, the diameter of the throat is 0.0193m and the sound speed is 1253m/s, which are calculated using the CEA2-code, as shown in Table 1 .
Combustion chamber acoustics
The actual engine test proves that the most destruction of the rocket engine is the first-order tangential acoustic oscillation, which is main object of this research. Therefore, we should ensure that the first order tangential instability is firstly excited. The frequency of pressure oscillation and the resonance frequency of the combustion chamber are estimated using a model of a gas tube. The frequencies for radial, tangential, longitudinal and combined modes are calculated using the equation (3) . It is necessary to ensure that the first-order tangential oscillation frequency of the combustion chamber is less than the first order longitudinal oscillation frequency in order to make the first order tangential instability be firstly excited. The relationship between combustion chamber length and radius needs to meet: L≤2.34r.
where q, m and n are the counters of the particular modes, L is the combustion chamber length, c is the sound velocity, and r is the combustion chamber radius.
Design of the injector
Modular design is adopted in the design of the coaxial swirl injector, which is comprised of oxidizer manifold, oxidizer post, fuel manifold and fuel injector collar. The coaxial swirl injector is shown in the Figure 3-5 , and the gas oxygen flows axially through an orifice into the injector tube. The oxidizer tube acts as an acoustic resonator, and liquid kerosene is fed to the injector tangentially. Fuel injector collar allows the kerosene film to develop prior to contacting with the gas oxygen. It can change the distribution and number of injectors in each experiment by plugging or replacing the injectors. The number of the injectors is 6. According to the equation (4)- (6), the diameter of the injector is 0.0032mm. 
where qo=oxygen mass flow rate, μ denotes flow coefficient, vo=oxygen outlet velocity, Ao=cross-sectional area of the injector outlet, ρo=oxygen entrance injector density, po=the pressure of oxidizer manifold and To=the total temperature of oxygen.
Another formula used to predict the length of the oxygen tube is given below:
where λ is the first order longitudinal wavelength in the injector.
In order to install easily, the length of the oxygen tube is0.05m, which has a damping effect on the acoustic oscillation of the combustion chamber. According to the equation (7), the first order longitudinal wavelength in the injector is 0.05m. When the length of the oxidizer tube is set to be half-wave of the first order longitudinal mode, it provides the largest damping capacity. When the oxidizer tube length is set to as a quarter-wave resonator for the first order longitudinal mode, it provides the least damping capacity. Therefore, in order to make the instability easy to excite, the length of the oxidizer tube is set to be 0.025m.
NUMERICAL SIMULATION
In order to understand the characteristics of the engine flow field clearly, the numerical simulation of the combustion chamber is carried out based on CFD method in the paper (Feng S.J. et al. 2011). According to the characteristics of coaxial centrifugal injectors, the conical spray model is used to describe the distribution of kerosene droplet at the exit of injectors. As shown in Figure 6 , the cone angle, swirl fraction, mean diameter, spread parameter are set to calculate the distribution of initial velocity, discrete particle diameter and other parameters of two-phase flow in the combustor.
Kerosene spray model

Two phase turbulent equations
The governing equations describing the heterogeneous reactions of turbulent flows include continuous equation, momentum equation, energy equation and so on. In the above equation, the average gradient is used to describe the correlation simulation of turbulent fluctuation, while the turbulent viscosity coefficient is introduced. The k-ε double equation turbulence model is used to calculate the effective viscosity coefficient. In this way, the turbulent two-phase flow N-S equation can be solved.
The particle trajectory model considering the collision of droplets breakup and polymerization process is used to calculate the trajectory of liquid droplets in the gas phase field. The gas-liquid interaction source terms of the governing equations includes two parts, one is the exchange of the momentum and energy by the two phase pneumatic friction and heat transfer, the other is the exchange of the quality, energy and momentum caused by the propellant evaporation.
Turbulent combustion model
The chemical reaction rate WCH of the engine combustion process is controlled by the turbulent fluctuation mechanism REBU and Arrhenius RArr mechanism.
REBU is calculated by the model of turbulent premixed flame combustion which is proposed by Spalding.
Computational grid and the initial boundary conditions
The computational grid of combustion flow field is shown in Figure 7 . According to the design parameters of the combustion chamber, set the following initial boundary conditions. Kerosene swirling jet conditions: the radius of the jet entrance, initial temperature, mass flow rate, initial velocity, cone angle, mean diameter.
Oxygen gas entrance boundary conditions: the mass flow rate, pressure and temperature of the oxygen gas.
Outlet boundary condition: pressure. Wall boundary conditions: static and adiabatic wall. From Figure 8 -11, it can be seen that the combustion chamber pressure is 3300000Pa, which is close to 3200000Pa.The combustion in the chamber is completely. The mass fraction distribution of the components in the combustion chamber consistent with the chemical kinetics and the mass fraction distribution of the reactants decrease along the injector axis. The Mach number in the throat is 1 and the nozzle can achieve the optimal expansion condition. We can conclude that the motel rocket combustor is designed reasonably, which lay the foundation for the next test.
Calculation results
TEST STAND INSTALLATION
As previously described, the combustion chamber is designed reasonably. Up to now, the combustion test bed has been set up, where Figure 12 denotes the real engine, Figure 13 denotes the Silencing and cooling system, Figure 14 denotes the test bed, Figure 15 denotes the kerosene supplying system. 
CONCLUSION
A kind of model rocket combustor test bed has been accomplished in order to evaluate the combustion stability. The design criterion for the cylinder combustion chamber is as follows: 1) the injector is only distributed in a circle near the wall of the combustion chamber; 2) the relationship of the diameter and the length of the combustion chamber must meet L≤ 2.34r; 3) the convergent section of the nozzle is moderate. By numerical calculation, the model rocket combustor has been designed reasonably. Based on the design, the installation and construction of the test bed has been accomplished and the combustion stability test will be carried out.
